INTRODUCTION
In a recent article in this journal, Schriemer and colleagues 1 described a biophysical method for the discovery and characterization of molecular interactions in a flow system, frontal affinity chromatography (FAC). In the review, they clearly and precisely described the theoretical and experimental approaches to FAC. Although they concentrated on the use of immobilized enzymes and carrier proteins in FAC, they also indicated that cells, cell fragments or membrane-bound protein can be immobilized and incorporated into a FAC system. This article will address the latter issue and describe the development and characterization of cellular membrane affinity chromatography (CMAC) columns that can be used in FAC and nonlinear chromatography (NLC) studies.
CMAC columns
The incorporation of isolated cytosolic proteins and enzymes into an affinity chromatography column and the application of the resulting column to the study of ligand-protein interactions was first demonstrated by Chaiken 2 and Carr 3 and has been extensively studied (cf. refs. 4 and 5) . Initially, the immobilization of the proteins was carried out by 'random' chemical cross-linking reactions. Although this method worked, it resulted in a significant loss of activity, which for commercially available or readily accessible proteins is not a great deterrent. However, when working with transmembrane proteins, this becomes a rate-limiting process, as these proteins are usually not available in a purified form.
The first immobilization of a transmembrane protein was carried out by Lundahl's group. In these studies, the glucose transporter, GLUT1, was immobilized through the incorporation of red blood cell membranes in proteoliposomes and the resulting column was used in the online study of glucose transport 6, 7 . On the basis of Lundahl's initial work, cellular membranes obtained from an HEK293 cell line expressing the a3b4 nicotinic acetylcholine receptor (nAChR) were entrapped in lipid monolayers and used to measure ligand binding to the nAChR using FAC 8 . The chromatographically determined affinities were comparable with affinities obtained using standard membrane-binding techniques, such as filtration assays, demonstrating that the FAC approach could be used to study binding interactions with immobilized transmembrane receptors.
In the same series of experiments, the cellular membrane fragments from the HEK293 cell line expressing nAChR were also immobilized on a liquid chromatographic stationary phase, the immobilized artificial membrane (IAM) stationary phase developed by Pidgeon et al. 9 . No significant difference was observed between the binding data obtained using the liposomal and IAM-based columns 8 . Membranes containing nAChRs have also been immobilized in chromatographic systems through encapsulation with a polymer and the resulting columns used in FAC 10 .
On the basis of the initial studies with the HEK293 cell line, it was determined that the commercially available IAM support was easier to handle and the resulting columns more reproducible than the liposomal column. Thus, the IAM stationary phase has been used to create a series of CMAC columns from a variety of cell lines. The resulting columns have been used to study G-protein coupled receptors (GPCRs), including k and m opioid 11 , b 2 -adrenergic 12 and P2Y 1 purinergic 13 receptor, ligand-gated ion channels (LGICs), such as nAChRs 8, 14 , and transmembrane drug transporters, such as P-glycoprotein (Pgp) 15 , human organic cation transporter-1 (hOCT1) 16 and human organic anion transporter 1 and 2 (OAT1, OAT2) 17 . A multiple LGIC-CMAC column containing coimmobilized nAChRs, g-amino-butyric acid (GABA A ) and N-methyl-D-aspartate (NMDA) receptors have also been created through the immobilization of solublized brain tissue 18 . Membranes from a cell line that expresses Pgp and one that does not have also been used to create open tubular columns (Pgp(+)-OT) where they were used with FAC to rapidly identify Pgp substrates, including small molecules and polypeptide inhibitors 19 .
When should I consider using a CMAC column? The CMAC technique is best suited for use in a number of stages of the drug-discovery process including initial screening of complex mixtures to identify ligands to a target membrane protein and in the adsorption, distribution, metabolism and excretion stage of the process. In addition, this approach can be used to investigate and describe the interactions of small molecules and proteins with the target membrane protein [13] [14] [15] [16] [17] [18] [19] [20] . Other methods that can be used to study membrane protein-ligand interactions include filtration p u o r G g n i h s i l b u P e r u t a Nassays, binding assays and functional studies. These methods can be used to cross-validate a new CMAC column and can be replaced by the chromatographic approach once the CMAC column has been characterized. In addition, allosteric inhibitors are difficult to identify using standard binding assays, but are readily determined using the CMAC.
The CMAC technique has been recently used in the online screen of tobacco smoke condensates to identify nAChR ligands contained in the matrix 20 . In these studies, a CMAC column prepared from a cell line expressing the a3b4 nAChR (CMAC(a3b4 nAChR)) was used to identify fractions within the condensates that contained compounds that bound to the nAChR. Chemical libraries have also been screened. For example, a series of anabasine derivatives were chromatographed on CMAC(a3b4 nAChR) and CMAC(a4b2 nAChR) columns to determine their relative affinities to the receptors 18 . A single FAC study using displacement of a marker ligand was able to rank the test compounds by their affinities within and between the two nAChR subtypes.
In the adsorption, distribution, metabolism and excretion stage, CMAC columns containing the target protein can be used to characterize the relative extent and type of binding of lead drug candidates. For example, a CMAC(a3b4 nAChR) column has been used to differentiate between nAChR agonists, competitive antagonists and noncompetitive inhibitors (allosteric modifiers), to determine the binding affinities of these ligands as well as the sites at which they bind 21, 22 . The approach was also used to predict the IC 50 values of noncompetitive inhibitors and the relative duration of receptor inhibition produced by the inhibitors after a single injection on the CMAC column 22 .
Cellular membrane affinity chromatography columns can also be used to determine the drug transporter-mediated adsorption and elimination of a compound. Pgp(+)-OT and Pgp(À)-OT columns were used with FAC to rapidly identify Pgp substrates. The chromatographic results correlated with those obtained using the industry standard monolayer efflux assays. In addition to a strong correlation, the CMAC assay had a high if not higher throughput than the alternative cell-based assays 23 . CMAC columns containing hOCT1, hOAT1 or hOAT2 can be used to identify substrates and inhibitors of these transporters as well as the stereoselectivity of the interactions 16, 17, 24 .
Cellular membrane affinity chromatography columns can also be used in basic pharmacological studies to characterize the binding process to a target. For example, a CMAC(a3b4 nAChR) column and NLC techniques were used to study the thermodynamics of the binding of noncompetitive inhibitors to binding sites within the central lumen of the receptor 25 . NLC techniques were also used with CMAC(a3b4 nAChR) and CMAC(a3b2 nAChR) columns to guide the development of molecular models of the central lumen of both receptors in which a key binding site was identified and the ligand-binding process was defined 26 .
A CMAC(hOCT1) column and FAC studies were also used in the development of a molecular model that described the binding of competitive inhibitors with the transporter 24 . This model was able to depict a chiral recognition model that explained the observed enantioselective inhibition of hOCT1 transport.
Is my transmembrane target suitable for a CMAC column? As a first approximation, the CMAC approach is similar to standard membrane-binding techniques. Thus, if your target can be studied by routine pharmacological procedures, then you can expect to be able to develop and use a CMAC column. The breadth of the method is illustrated by the fact that, to date, we have immobilized a large array of transmembrane proteins, including ligand gated ion channels such as five subtypes of the nAChR, NMDA and GABA A receptors 22 , drug transporters such as Pgp, hOCT1, hOAT1 and hOAT2 as well as GPCRs such as the m and k opioid receptors, b-adrenergic receptors, P2Y 1 receptor and more recently the histamine 1 receptor (R.M., I.W.W., unpublished data).
Should I use a transfected or native cell line? Although transfected cell lines are a reliable source of proteins, other adequate sources include tissues, e.g., rat brain, and endogenous cells ( Table 1 ). In the latter cases, these sources are advantageous when studying multiple proteins on a single column 27 .
Using a transfected cell line. One of the major reasons for using a transfected cell line is the increased expression of the target protein, and this is important if the CMAC column is going to be used in the drug discovery process. This is due to the fact that in the development of the CMAC column, the target proteins are not isolated from the membrane and purified. Thus, the number of active sites on a CMAC column depends upon the number of active proteins contained within the membrane. Therefore, the use of a cell line in which the target has been 'overexpressed' usually increases the capacity and selectivity of the resulting column.
The lack of purification of the target protein appears to help retain protein function as well as to stabilize the immobilized target 28 . However, membranes contain hundreds, if not thousands, of other proteins that may bind the same ligands as the target. Thus, FAC curves may represent a combination of specific and nonspecific interaction, thereby incorrectly reflecting the binding affinity of a test ligand. One way to minimize this problem is to use a target-specific marker ligand. For example, if binding to the nAChR is the goal of the FAC experiments, epibatidine would be the ideal specific marker.
However, if a specific marker does not exist, or if the specificity has not been adequately established, the best approach is to use a cell line that does not contain the target to control off-target and nonspecific binding. The closer the basic membrane structure, the better the control. If a transfected cell line is used to create the CMAC column, the best control is the nontransfected cell line.
The use and necessity of control columns was demonstrated by the use of the Pgp(+)-OT (experimental column) and Pgp(À)-OT (control column) to identify Pgp substrates 19, 23 . Both columns were created using LCC6 cells, in which the source of the Pgp(À)-OT was the nontransfected LCC6 cell line and the Pgp(+)-OT was derived using the LCC6 cell line after it had been transduced with the retroviral vector carrying the cDNA for the mdr1 (Pgp) gene 29 . The screening was carried out using FAC without a Pgp-marker ligand on both the control and experimental columns. The results indicated that it was necessary to subtract the retention time observed on the Pgp(À)-OT from the retention time observed on the Pgp(+)-OT. The calculated Dt values of the test compounds correlated with the results obtained using a Caco-2 cell-based monolayer efflux assay and substrates could be readily identified 23 .
Using a native cell line. Whereas using transfected cell lines is a way to increase the number of active binding sites on a CMAC column, the use of a wild-type cell line has the advantage of providing the target protein in its native environment with the proper post-translational modifications. In the latter instance, after a protein has been synthesized, it is often modified through one or more pathways, including methylation, phosphorylation, acetylation, removal of N-terminal amino-acid moieties and oxidation or reduction of disulfide bonds that produce the active form of the protein 30 . When the target protein is synthesized by a cell line that does not naturally produce it, there is no guarantee that the posttranslational modifications in the protein will be the same as those found in the native cell line.
If the goal of the research program is to study the biological function of the target, then native cells are the preferred source of the CMAC system. The use of the native cells also ensures that the protein will be in a lipid environment that allows for the proper functioning of the channel and that it will be associated with other proteins that may be vital for biological function. Our initial studies of the characterization of CMAC columns made from a nontransfected 1321N1 cell line have demonstrated that the number of nAChRs expressed in the cell line was adequate for the development of a functioning CMAC(nAChR) column 27 . In addition, the resulting column has also been shown to contain other LGICs, e.g., NMDA and GABA A receptors, which could also be characterized and used in FAC studies 27 .
Can I use my cell line?
To date, we have CMAC columns that have been created using cell lines derived from human, canine and hamster sources ( Table 1) . Therefore, it is most likely that any mammalian-derived cell line will work. However, as the composition and structure of cellular membranes differ from cell line to cell line, this fact has to be taken into consideration in the solubilization and immobilization protocols used in the preparation of the CMAC columns (see Tables  1 and 2 ). This is illustrated by the development of two CMAC(a7-nAChR) columns 28 . The membranes used to create the columns were obtained from two cell lines, SH-EP1 and HEK-293, each of which had been transfected with cDNA for the a7nAChR. The CMAC column prepared from the membranes obtained from the SH-EP1 cell line required the presence of cholesterol, phosphatidyl serine and phosphatidyl ethanolamine in the solubilization buffer, whereas the buffers used in the preparation of the CMAC column containing HEK-293 membranes required only the presence of cholesterol.
Should I use FAC or nonlinear chromatography? FAC. Frontal affinity chromatography can be used to characterize the binding of small molecules to an immobilized membranebound target and to determine binding affinities (K d ) and the number of active binding sites on the column (B max ). A detailed review of the FAC technique has been published recently by Ng et al. 1 , and this approach will not be discussed here in detail. A key requirement of FAC is the existence of a compound that is known to bind to the target, the marker ligand. In FAC, the marker ligand is placed in the mobile phase and passed through the column. A typical frontal chromatogram is presented in Figure 1a and represents the addition of [ 3 H]-labeled epibatidine ([ 3 H]-EB) to the mobile phase running through the CMAC(a3b4 nAChR) column 8 . Displacement studies with increasing concentrations of EB and nicotine are also presented (Fig. 1a) .
The relationship between displacer concentration and retention volume can be established using Equation 1 and can be used to determine the K d value of the displacer and the number of active binding sites on the column, B max .
[
(1) NLC. Nonlinear chromatography can be used also to determine dissociation constants, as is done in FAC (Table 3) . However, the greatest advantage of NLC lies in the ability of this method to study the kinetics and thermodynamics of the interaction of small molecules with the target protein. In this approach, the observed concentration-dependent asymmetry (see Fig. 1b ) is analyzed using chemometric curve-fitting techniques and used to calculate the association rate constant (k on ), dissociation rate constant (k off ) for the ligand-receptor complex and the equilibrium constant for complex formation (K). One approach to the analysis of NLC data is the impulse input solution for the mass balance equation developed by Wade et al. 31 . This approach is based upon the observation that when adsorption/ desorption rates are slow, band broadening is insensitive to a moderate degree of column overload. In contrast to numerical integration methods, this approach uses the analytical solution, which can be applied directly to fit experimental peak profiles. The impulse input equation has been included in commercially available deconvolution softwares, such as Peak Fit v. 4.11 for Windows software available from SPSS Inc., and can be applied easily to NLC studies. The parameters used to describe the chromatographic peak and their use in the calculation of thermodynamic and kinetic constants are summarized by Jozwiak et al. 25 .
Alternative approaches.
Another approach is to use zonal chromatography, in which a small sample volume is injected onto the chromatographic column as opposed to frontal chromatography where the analyte is in the mobile phase and the conditions are under dynamic equilibrium or NLC where the analyte is injected near or at target saturation. In zonal chromatography, a retention time of a compound is comparable with its affinity for the target. Although beneficial, the chromatographic efficiency of the column is too low to adequately resolve a mixture of compounds on the basis of their relative affinities. Therefore, it may be necessary to use multidimensional chromatographic systems. These coupled systems have been reported previously 32 . For example, a mixture of binders and nonbinders were sorted on the basis of their affinity for the a3b4-nAChR and were then transferred to the C18 column for separation and identification. Of the 18 compounds tested, 7 were identified correctly as ligands of the nicotinic receptor and 11 were correctly identified as nonbinders 32 . Subsequently, tobacco smoke condensates were screened using a similar multidimensional chromatographic system 20 in conjunction with missing peak chromatography. This technique correctly identified seven known compounds and identified a number of potentially unidentified compounds, demonstrating the advantage of using this method for the screening of complex chemical mixtures.
In addition, we have shown previously that protein-coated magnetic beads can be successfully used to separate small-molecule binders from nonbinders 33, 34 , as well as proteins from cellular extracts 34 . Preliminary studies with magnetic beads coated with cellular membranes from the KXa3b4R2 cell line expressing the a3b4 nAChR demonstrate that transmembrane proteins can also be studied in this manner (R.M., unpublished data).
The advantages and disadvantages of each of these methods have been summarized in Table 4 .
Key parameters in the development of the CMAC column As discussed below, there are several parameters that need to be considered (including cell lines, receptor type, expression of the receptor) that influence the choice of homogenization and solubilization buffers as well as the mobile phase composition. In our laboratory, we have characterized immobilized targets using radiolabeled ligands detected using an online radio-flow detector. However, if a radio-flow detector is unavailable, the system could be adapted to mass spectrometry or optical detection including UV and fluorescence. Typically, we are working with transfected cell lines, in which case we have a positive control (the nontransfected cell line), a negative control (the IAM stationary phase) and our CMAC column from the transfected cell line. When native cells are used, then biologically or chemically altered cell lines can be used as a positive control. Once the column has been established, two replicates are sufficient to establish meaningful affinities.
Finally, in deciding whether to immobilize the target protein on the IAM stationary phase or the open tubular capillary, a few points should be considered. If the ligands that bind to the target protein are hydrophilic, then the IAM stationary phase should suffice; however, if they are lipophilic, we suggest opting for the open tubular capillary. This is mainly due to the large amount of nonspecific binding observed between the ligand and the IAM stationary phase. On the other hand, if the target membrane protein is not highly expressed on the surface of the cell, then the IAM stationary phase should be used for immobilization, as a much larger surface area will allow detection of proteins expressed at much lower levels.
In the PROCEDURE, we provide details for immobilization on the IAM stationary phase. For details on how to immobilize in open tubular capillaries, please refer to Box 1. The choice of protease inhibitors is dependent on the cell line being used; determine which proteolytic enzymes are present in your cell and target them appropriately. The list of protease inhibitors that we have commonly used are as follows: leupeptin, pepstatin, aprotinin, tosyl-amido-2-phenylethyl-chloromethyl ketone, phenyl methyl sulfonyl fluoride, benzamidine and calpain [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . For example, to obtain a functioning hERG channel column (R.M., unpublished data), the addition of aprotinin, leupeptin and pepstatin was required. The absence of aprotinin would result in a nonfunctional column. In addition, if metalloproteases are present, the addition of EDTA or EGTA would be required to inhibit these proteases. m CRITICALThe simplest way to determine which protease inhibitors are required for a particular cell line is through a literature search. Solubilization buffer For the solubilization buffer, the most important aspect is the choice of detergent. Typically, the detergent should have a low aggregate number per micelle and a high CMC; in this way, the micelles should be relatively easy to disrupt (i.e., dialysis should be capable of removing the detergent). This eliminates the use of stronger detergents such as Triton X-100 and Tween. Although these detergents can now be more readily removed using Biobeads, we have found that the time and conditions required for the removal of these detergents were too harsh for transmembrane proteins and predominantly resulted in nonfunctioning columns. For the majority of our studies, we have limited our choice to three detergents: CHAPS, cholate and b-octyl glucopyranoside. The first two seem to be specific in the type of receptors they immobilize. For example, we have found that CHAPS should be used for the immobilization of GPCRs, whereas cholate seems to preferentially solubilize ligand-gated ion channels. b-Octyl glucopyranoside is the strongest of these three detergents and does not seem to preferentially solubilize one class of receptors over the other. This does not mean that the protocol is limited to these three detergents, as there are many others that fit the criteria for a plausible detergent. However, these three detergents have been successfully and reliably used in our laboratory. In addition to the detergent, some proteins require the addition of glycerol to stabilize the protein during the immobilization process (Fig. 2) 35 . Although this has to be empirically determined, we have found that the addition of 10% (vol/vol) glycerol to the solublization buffer enhances the stability of the target protein 35 . Finally, in some cases, the protein stability is highly dependent on the lipid environment. In this case, the addition of lipids and/or cholesterol may be necessary 28 . FAC running buffer Once the column is ready to be run, the running buffer for frontal chromatographic studies needs to be determined. In the majority of cases, we start with ammonium acetate (10 mM, pH 7.4), as it is ideal for mass spectrometry, and make modifications to this buffer. The additives in the running buffer are solely determined by the protein that was immobilized and the objective of the additive. For example, with the hOCT1 and hOATs, both members of the solute carrier superfamily, it was required to add MgCl 2 and CaCl 2 to the mobile phase for proper functioning of the transporters. Although this did not present a problem for the frontal chromatographic studies on the radio-flow detector, it could present a problem for detection by mass spectrometry. On the other hand, when our objective was to reduce the retention time of the ligands, we added methanol to the mobile phase (up to 15% for the nicotinic receptor; typically less than 10%). Careful consideration should be taken when adding methanol to the mobile phase, as it could cause a change in the lipid aggregate structure and result in loss of stability of the transmembrane protein and reduce the lifetime of the column. When the NMDA receptor was the target, it was necessary to add the cofactors glutamate and glycine to the mobile phase to ensure the proper functioning of the channel. Therefore, for the running buffer, the best approach is to carry out a literature search to determine what additives/cofactors are required for the proper functioning of the target protein and then to make the appropriate adjustments to the mobile phase. EQUIPMENT SETUP FAC system assembly The frontal chromatographic system was set up as displayed in Figure 3 .
PROCEDURE Homogenize and solubilize cells TIMING B1 h for homogenization, 18 h for solubilization
1| Homogenize the required number of cells (REAGENT SETUP) using an appropriate buffer (REAGENT SETUP) and method. The cells should be suspended in 10 ml of buffer. Typically, we homogenize the cells using a polytron homogenizer (3 Â 10 s at the setting of 15 on a Model PT-2100 homogenizer (Kinematica AG)). However, some cells are more sensitive to certain homogenization methods than others. For example, when the AMPA receptor was immobilized, the polytron homogenizer was too vigorous and resulted in a nonfunctional column. In this case, the cells were homogenized using a sonicator. For more sensitive proteins, a glass-dounce homogenizer can be used.
2|
Once homogenized, centrifuge the homogenate at 450g for 7 min at 4 1C and discard the pellet containing the nuclear proteins.
3| Next, centrifuge the supernatant at 100,000g for 35 min at 4 1C and collect the resulting pellet containing the cellular membranes. Typically, 24 h should be sufficient to disrupt the micelles and remove the majority of the detergent, allowing the solubilized protein to adsorb onto the IAM stationary phase. However, it has been found that the maximum immobilization occurs with 48 h dialysis. If the solubilized protein is not very stable, an 18-h dialysis is recommended.
8| After dialysis, wash the stationary phase three consecutive times with Tris buffer (10 mM, pH 7.4) and centrifuge at 700g for 3 min at 4 1C between washes.
Column packing TIMING 15 min 9| After washing, pack the stationary phase into an HR 5/2 column. Typically, the IAM stationary phase is hand-packed into an HR 5/2 Tricorn column from Amersham, following the instructions provided with the column. However, the proteinimmobilized stationary phase can also be packed using a pressure bomb. In our laboratories, packing the a3b4 NR-IAM stationary phase by pressure bomb did not result in any loss of activity 8 . ' PAUSE POINT For long-term storage (longer than 3 d), the column is stored with 0.1% sodium azide.
Chromatographic system TIMING Dependent on ligand/protein interactions; ranges from 30 min to 3 h 10| Connect the column to a Shimadzu LC-10 AD pump (Fig. 3) , to a superloop (for frontal chromatographic studies) and then to a detector.
11| When ready to start the experiment, load the superloop with the radioactive marker using a rabbit peristaltic pump. In the case of IAM-based columns, the flow rate typically used is between 0.2 and 0.5 ml min À1 , whereas for the open tubular capillaries, the flow rate is at 50 ml min À1 . In both cases, the experiments are carried out at room temperature (25 1C) unless thermodynamic studies are being undertaken. The columns can be studied using different equipment. The Radio-flow detector (b-Ram IN/US) is used to detect the marker ligand, and the displacement is measured by increasing concentration of the unlabeled displacer. If radioactive studies are not possible, a mass spectrometer, UV detector or any other detector can be used in place of the radioflow detector. For mass spectrometery, an easily detectable ligand would be required and necessary adjustments to the mobile phase should be made to avoid problems with the mass spectrometer, e.g., phosphate buffers and Tris buffers have to be avoided. m CRITICAL STEP To determine that the activity of the column has not changed over time, we suggest running one concentration of your marker ligand at the start of every week and monitor the retention volume. The immobilized proteins are conformationally mobile between different states; therefore the loss of activity can sometimes be regenerated by exposing the column to an agonist that induces the required conformational change. However, when loss of activity is observed, it is typically better to make a new column than to attempt regeneration. ? TROUBLESHOOTING TROUBLESHOOTING Troubleshooting advice can be found in Table 5 . How many cells? If repeated attempts to immobilize the protein have failed, and the number of cells has been increased by at least one order of magnitude (preferably two), then the problem may not be with the number of cells but rather with the stability of the protein during the immobilization process. Please remember that there is a threshold at which point increasing the number of cells will not help and may in fact hinder the successful immobilization of the target protein.
To determine how much of the target protein has been immobilized, it is recommended that the stationary phase containing the target protein is stripped, followed by western blot analysis. If the protein is present and nonfunctional, either too small an amount was immobilized, making it undetectable, or the protein was immobilized in a nonfunctional state. In the former case, it is recommended to increase the number of cells. If this fails, then isolation of the target protein through affinity chromatography is recommended
Homogenization and solubilization
If the protein is immobilized in a nonfunctional state, it is suggested that an agonist/competitive antagonist for the target protein is added to the homogenization and solubilization buffer (with the addition of glycerol in the solubilization buffer) to keep the proper conformation of the protein throughout the immobilization process Another possibility is that the protein is susceptible to oxidation; in this case, the addition of 1-5 mM DTT or b-mercaptoethanol to the homogenization and solubilization buffer is recommended to keep the protein in the reduced state. The addition of EDTA or EGTA is also recommended to help keep the protein in the reduced state in addition to their role as a metalloprotease inhibitor Dialysis Initially the dialysis should be carried out over a period of 2 d. If the resulting column is not functional and the possibility of insufficient protein, the absence of necessary protease inhibitor and an inappropriate detergent for the target protein have been ruled out, then the protein may not be stable under the dialysis conditions for longer times (2-3 d). Therefore, it is recommended in these cases that the dialysis time be reduced to 1 d If, following dialysis and packing of the columns, the retention of the marker is not reproducible (it moves to the right for successive runs), this indicates that the dialysis time was too short and that there was a significant amount of detergent that remained on the stationary phase. To correct this problem, the column can be washed at a low flow rate for a few hours, and subsequent immobilizations should increase the dialysis time by 18 h ANTICIPATED RESULTS Cellular membrane affinity chromatography has been used to characterize binding sites, in drug discovery as well as drug development. The characterization of a binding site is carried out through FAC or NLC. In the former case, a typical frontal chromatogram is illustrated in Figure 1a , where an initial flat portion represents the binding of the marker ligand to the immobilized protein, followed by saturation that is represented by a breakthrough and then a plateau 8 . In NLC (Fig. 1b) , the observed concentration-dependent asymmetry is analyzed using chemometric curve-fitting techniques. The protocol provided for the isolation of a target protein and its subsequent immobilization onto the IAM stationary phase will provide guidance for the immobilization of a variety of transmembrane domains. Typically, a standard IAM-PC column contains picomolar amounts of active binding sites for the immobilized protein, depending on the source and solubility of the target protein.
